Knowledge of the internal phylogeny and evolutionary history of ants (Formicidae), the world's 14 most species-rich clade of eusocial organisms, has dramatically improved since the advent of 15 molecular phylogenetics. A number of relationships at the subfamily level, however, remain uncer-16 tain. Key unresolved issues include placement of the root of the ant tree of life and the relationships 17 among the so-called poneroid subfamilies. Here we assemble a new data set to attempt a resolution 18 of these two problems and carry out divergence dating, focusing on the age of the root node of 19 crown Formicidae. For the phylogenetic analyses we included data from 110 ant species, including 20 the key species Martialis heureka. We focused taxon sampling on non-formicoid lineages of ants 21 to gain insight about deep nodes in the ant phylogeny. For divergence dating we retained a subset 22 of 62 extant taxa and 42 fossils in order to approximate diversified sampling in the context of the 23 fossilized birth-death process. We sequenced 11 nuclear gene fragments for a total of~7.5 kb and 24 investigated the DNA sequence data for the presence of among-taxon compositional heterogeneity, 25 a property known to mislead phylogenetic inference, and for its potential to affect the rooting of 26 the ant phylogeny. We found sequences of the Leptanillinae and several outgroup taxa to be rich in 27 adenine and thymine (51% average AT content) compared to the remaining ants (45% average). To 28 investigate whether this heterogeneity could bias phylogenetic inference we performed outgroup 29 removal experiments, analysis of compositionally homogeneous sites, and a simulation study. We 30 * Corresponding author. (M. L. Borowiec).
Methods
: Preferred phylogenetic hypothesis for the ingroup (Formicidae), with AT content indicated for each terminal taxon. Tree topology with branch lengths from the Bayesian analysis of the full data matrix under k-means partitioning strategy. See Supplementary Figure 2 for support values on all nodes. Warmer branch colors signify higher AT content. Scale in expected substitutions per site.
Results

Effects of outgroup removal
Relative to the full data matrix with all 13 outgroup species, removal of the AT-rich outgroups 284 (Apis mellifera, Brachycistis sp., Dasymutilla aureola, Scolia verticalis, Metapolybia cingulata, 285 and Mischocyttarus flavitarsis) shifts support towards a tree where Martialis and the Leptanillinae 286 together form a clade that is sister to all other ants. In consensus Bayesian trees, the support for 287 this clade is at pp = 0.91 under greedy (Supplementary Figure 5) and pp = 1.0 under the k-means 288 partitioning strategy (Supplementary Figure 6) . Under maximum-likelihood, the effect is less ob-289 vious, as the ML tree under greedy partitioning has Martialis sister to formicoids and poneroids 290 but now with only 50% bootstrap support ( Supplementary Figure 7) . In the k-means maximum- Figure 11 ) and under k-means it is 96% ( Supplementary Figure 12) . 300 301 The analyses of homogeneous data partitions result in a tree where Martialis is sister to the Lep-302 tanillinae with strong support regardless of partitioning scheme and inference method ( Table 2) . 303 Bayesian trees under both greedy and k-means partitioning strategies show pp = 1.00 (Supple- 304 mentary Figures 13 and 14) . Under maximum-likelihood this node is supported in 100% bootstrap 305 replicates under both greedy k-means partitioning strategies ( Supplementary Figures 15 and 16 ). The so-called poneroid ant subfamillies that include Agroecomyrmecinae, Amblyoponinae, Apomyr-318 minae, Paraponerinae, Ponerinae, and Proceratiinae form a well supported clade. This result ap-319 pears more robust to different analytics than the placement of the root of the tree. Support for this 320 clade is often maximum in Bayesian analyses and generally above 90% bootstrap proportion in the 321 maximum-likelihood analyses, except for the data set with GC-rich outgroups removed, where the support is only 75% (Table 2) . tions is overwhelmed by the homogeneous data and the inferred tree is consistent with the topology 387 on which the data were simulated in 99 out of 100 maximum-likelihood trees obtained from the 388 simulated concatenated data. These effects appear not to be as strong as seen in our empirical 389 data, but the simulation is a simplistic scenario that is likely to involve fewer confounding factors.
Compositionally homogeneous matrix
390
In particular, 1) the same substitution model that generated the data could be used for inference our Leptanilla specimens were males, we feel it would be premature to propose taxonomic changes.
444
A critical reappraisal of leptanilline taxonomy using both morphology and molecular phylogenetics 445 is clearly needed.
446
Our analyses find the proceratiine genus Probolomyrmex nested within the larger genus Procer-447 atium. Several species currently in Proceratium were classified in the erstwhile genus Sysphingta. 448 The differentiation between the two taxa was mostly based on the structure of the clypeus and Sphecomyrmodes now considered a junior synonym (Barden and Grimaldi, 2016). 
Pompilopterus
